OBJECTIVE: To evaluate the construct validity of the Three-Factor Eating Questionnaire (TFEQ) in obese men and women. SUBJECTS: A total of 4377 middle-aged, obese subjects in the Swedish Obese Subjects (SOS) study. METHODS: The total sample was randomly split into two data subsets and psychometric testing was performed separately in each sample. Multitraitamulti-item analysis was conducted to test scaling assumptions and factor analysis was used to test the factor structure. Measures of mental well-being (MACL, HAD) were used for testing criterion-based validity. RESULTS: The Cognitive Restraint factor was consistently reproduced and scaling analysis demonstrated strong itemscale discriminant validity, while the item-scale convergent validity was unsatisfactory. The internal structure of the Disinhibition scale was weak. Most Disinhibition and Hunger items grouped in one global factor labeled Uncontrolled Eating. A third cluster containing items on Emotional Eating was also identi®ed. The obtained three-factor structure was cross-validated and replicated across subgroups by gender, age and BMI. CONCLUSION: The original TFEQ factor structure was not replicated. A short, revised 18-item instrument was constructed, representing the derived factors of Cognitive Restraint, Uncontrolled Eating and Emotional Eating. The most ef®cient items were used to boost both the convergent and discriminant validity of the scales.
Introduction
The concept of dietary restraint has played an important role in the study of human eating behavior. Restraint theory proposes that attempts to regulate food intake in order to control body weight and body shape cause episodic overeating and, moreover, the model posits a causal role of frequent dieting in the development of eating disorders and obesity. 1 Research along this course is far-reaching and has yielded con¯icting results. The disinhibitory effect of dietary restraint has been supported by laboratorybased research, however, the empirical evidence for a causal link between restraint and obesity is, at this point, still vague. Much attention has been given to the methodological and conceptual dif®culties involved in the study of restraint and different views have been widely debated. 2 ± 5 However, controversy still exists concerning the most appropriate way to measure dietary restraint, and further careful evaluation of the reliability and construct validity of the different methods is needed in order to gain conceptual clarity and improve measurement precision.
Three self-rating questionnaires, the Restraint Scale (RS), 6 the Three-Factor Eating Questionnaire (TFEQ) 7 and the Dutch Eating Behavior Questionnaire (DEBQ), 8 have been extensively used in the study of eating behavior and related issues. The RS was developed on rational rather than psychometric grounds and the construct validity of the instrument has been seriously questioned, especially in obesity research. 4 To improve the measurement of dietary restraint and to apply the concept to obesity, Stunkard and Messick 7 used psychometric techniques to develop the TFEQ. Responses to the RS, the closely related Latent Obesity Questionnaire, 9 and newly written items based on clinical observation were factor analyzed. Three factors entitled Cognitive Restraint of Eating, Disinhibition of Eating Control and Susceptibility to Hunger were derived and replicated in several mixed samples of dieters and free eaters. The third instrument, DEBQ, was constructed by Van Strien and co-workers to re¯ect three conceptual models of eating behavior: restraint theory, externality theory and psychosomatic theory. 8 Although the RS, TFEQ and DEBQ are conceptually related, these instruments re¯ect different approaches to the assessment of eating style and, most importantly, several studies have demonstrated essential differences between the RS and the restraint subscales of the TFEQ and the DEBQ. 10, 11 While the methodological obscurities associated with the RS have been discussed in detail, less attention has been given to the construct validity of the alternative measures. Despite the widespread use of the TFEQ in current research, few studies have reported on the psychometric properties of the instrument, and little is known about its validity across diverse populations, eg obese vs normal weight, clinical vs non-clinical samples. Ganley 12 factor-analyzed responses to the 55-item version of the instrument (items on weight¯uctuation have been excluded in the ®nal 51-item version) in a population sample of adult women mixed with a small portion of weight watchers. The derived four-factor solution con®rmed the construct validity of the Cognitive Restraint and Hunger factors, while items assigned to Disinhibition were split into two factors entitled Weight Lability and Emotional Eating. The factor structure of the 51-item TFEQ was tested in a student sample mixed with a small group of weight watchers. 13 The stability of the Cognitive Restraint factor was again con®rmed, while the Hunger and Disinhibition items grouped in one global factor. A third factor contained three items related to overeating during periods of negative mood (Emotional Eating).
These ®ndings cause some concern regarding the factor structure and the factor stability of the TFEQ. Results suggest that the Cognitive Restraint scale is a robust construct across different samples, while Disinhibition and Hunger are unstable and require further testing. There are also indications that an independent dimension re¯ecting emotional eating is nested within the Disinhibition scale. However, these validation studies have been carried out in samples of mostly normal weight women and it is unclear if the ®ndings are generalizable to other populations, eg obese, male or clinical subjects. Although the TFEQ was especially developed for application in obesity research, no study has yet examined the construct validity of the 51-item version of the instrument in well-de®ned obese samples. In fact, the basic psychometric testing was conducted on earlier versions of the instrument, containing items on weight¯uctuation now excluded from the ®nal version. 7 The main purpose of the present study was to evaluate scaling properties and the construct validity of the TFEQ in large samples of obese subjects. In addition, we aimed at testing if more ef®cient scales could be constructed by item reduction. It has been demonstrated that lengthy questionnaires can be shortened while still maintaining or enhancing measurement precision and validity by constructing scales from the most ef®cient items. 14 In fact, by deleting unspeci®c items, scale homogeneity and stability across different samples are likely to be strengthened. The following research questions were addressed: Do the TFEQ scales meet minimum required psychometric standards? Can the factor structure of the TFEQ be replicated in large samples of obese subjects? Which factor solution provides the best ®t to the data? Is the factor structure stable across groups differing in sex, age and BMI? Can more ef®cient scales be constructed by item reduction?
Methods

Subjects
Data from 4377 middle-aged, obese subjects were analyzed. Subjects were recruited by advertisements in the media to take part in the Swedish Obese Subjects (SOS) study, an ongoing, large-scale study of the health implications of obesity. The project consists of a registry for analysis of cross-sectional data and an intervention trial for evaluation of the longitudinal health effects of weight reduction. Obese subjects, aged 37 ± 57 y, are included in the registry study. For inclusion in the intervention study, a minimum BMI cut-off point of 34 kgam 2 for men and 38 kgam 2 for women is used. The study sample consisted of 1774 men and 2603 women in the registry. Mean (s.d.) age was 46.5 (5.9) y and mean (s.d.) body weight was 121.6 (16.8) kg for men and 111.5 (13.6) kg for women. Mean (s.d.) BMI was 38.3 (4.6) kgam 2 for men and 41.2 (6.0) kgam 2 for women. A total of 14.5% of the men and 23.4% of the women were below the BMI inclusion criteria for the intervention study. According to WHO standards 11 of the subjects were pre-obese (BMI 25 ± 29.9), 478 were obese class I (BMI 30 ± 34.9), 1994 were obese class II (BMI 35 ± 39.9), and 1894 were obese class III (BMI ! 40). All subjects completed a comprehensive series of mail-outamail-back questionnaires on sociodemographics, weight and medical history, physical activity, sleep patterns, utilization of medical care, and a battery of generic and studyspeci®c quality-of-life instruments (the SOS Quality of Life Survey; Sullivan, Karlsson, Sjo Èstro Èm and Taft, in press). 15 Details of the SOS study design, recruitment and assessment procedures have been reported previously. 16, 17 A general population group drawn from the western region of Sweden was used for comparisons of mental well-being scores. 18 
Measures
Three-Factor Eating Questionnaire (TFEQ). The TFEQ is a self-assessment questionnaire developed to measure cognitive and behavioral components of Factor structure of the TFEQ in obese subjects J Karlsson et al eating. 7 The instrument contains 36 items with a yesano response format, 14 items on a 1 ± 4 response scale and one vertical rating. All item responses are dichotomized and aggregated into three scales. Cognitive Restraint (21 items), Disinhibition (16 items) and Hunger (14 items). Cognitive Restraint is designed to measure dietary restraint, that is, control over food intake in order to in¯uence body weight and body shape. Disinhibition measures episodes of loss of control over eating, while the Hunger scale concerns subjective feelings of hunger and food cravings. The Swedish version of the TFEQ was translateda back-translated according to standard procedures for cross-cultural use. 19 Mental well-being. Mood was measured by the short version of the Swedish Mood Adjective Check List (MACL), 20 which is a self-report instrument comprising 38 adjectives on a four point response scale. The instrument covers three major dimensions of mood: PleasantnessaUnpleasantness (eg satis®ed, optimistica depressed, resigned), ActivationaDeactivation (eg alert, activeapassive, apathetic) and Calmnessa Tension (eg relaxedatense, distressed). In addition, an overall mood score is calculated. The Hospital Anxiety and Depression Scale (HAD) was used to assess anxiety and depression symptoms. HAD is a self-report instrument that contains 14 items on a four point response scale. The questionnaire is designed for screening of psychiatric morbidity in somatically ill patients and does not involve somatic items, eg appetite loss and weight change, frequently found in similar instruments assessing psychiatric morbidity. 21 The MACL and HAD have regularly been used in evaluations of health-related quality of life in patients with chronic disease or injury. 17 Anthropometric measurements. Body weight was measured in light clothing without shoes to the nearest 0.1 kg using calibrated balances or electronic scales. Height was measured in the standing position without shoes to the nearest 0.01 m. Self-reported weights and heights were used for a minor proportion of subjects (14%) who were not physically examined at the time of analysis. Body mass index (BMI) was calculated as weight divided by height squared (kgam 2 ).
Psychometric analysis procedure
The total sample of 4377 obese subjects was randomly split into two data subsets and psychometric tests were conducted separately in each sample. Multitraitamulti-item analysis was used to test scaling assumptions underlying the construction and scoring of the TFEQ. 22 Unlike exploratory factor analysis, multitrait scaling analysis takes a con®rmatory course of action by testing items and scales that have been de®ned a priori. The approach extends the logic of the multitrait-multimethod technique from the level of traits to the level of items. Thus, each item is examined with respect to how well it represents a particular construct relative to all other constructs. A matrix of item-scale correlations is computed and the correlations for each item are compared across scales. Item convergent validity is indicated if each item correlates substantially (r ! 0.40, corrected for overlap) with the scale it is hypothesized to represent. Item-discriminant validity is supported if an item correlates signi®cantly higher with the scale it represents than with all other scales. The signi®cance of a difference between two item-scale correlations is determined by using the standard error of the correlation matrix (1a p n). A signi®cance criteria of two standard errors was used. Also, Cronbach's alpha coef®cients were computed to estimate the internal-consistency reliability of scale scores. Exploratory factor analysis (principal factors) was employed to test the factor structure and factor stability of the TFEQ. First, a three-factor solution was imposed on each data set in accordance with the expected factor structure. The method of squared multiple correlations was used for computing prior communality estimates. 23 Orthogonal (varimax) as well as oblique (promax) rotations were explored in the analyses. The scree test was used to determine the number of factors to be retained. 24 Items with a minimum loading of 0.40 were considered to contribute to a given factor. Second, to test the stability and generality of the factor structure, subgroup analyses were performed by gender, age, and BMI. Third, in order to test the unidimensionality and homogeneity of the TFEQ scales, item responses were factor analyzed separately for each scale.
Criterion-based validity test
Correlations were tested for signi®cance by Pitman's nonparametric permutation test. 25 Pearson's correlation coef®cient and 95% con®dence intervals for the mean were calculated for descriptive purposes. 26 ANOVA was applied for comparison of three or more groups and Tukey's HSD range test was used for post hoc testing of differences between group means. 27 
Results
Multitraitamulti-item scaling analysis
Results of multitraitamulti-item scaling analysis in the two study samples were principally equivalent (Table 1) . Internal-consistency reliability coef®cients (Cronbach's alpha) for each of the three scales were above the 0.70 standard, but below the 0. Restraint items, eight of 16 Disinhibition items and 10 of 14 Hunger items exceeded the minimum desired level (r ! 0.40, corrected for overlap) for item convergent validity in both test samples. Tests of itemdiscriminant validity revealed a general problem of separating items assigned to Disinhibition and Hunger. Several of these items were associated with both scales and high rates of scaling errors were obtained, especially for the Disinhibition scale. Items assigned to Cognitive Restraint, however, showed strong discriminative capacity. Correlations between these items and the other two scales were low (r`0.30) and only one item failed in the discriminant validity tests. In summary, 12 of the 21 Cognitive Restraint items, ®ve of the 16 Disinhibition items and eight of the 14 Hunger items met criteria for both convergent and discriminant validity in both study samples.
Factor structure of the TFEQ
To test the factor structure of the TFEQ we extracted three components in each of the two data subsets. The factor pattern derived in the ®rst sample was successfully replicated in the second sample. Items with factor loadings of 0.40 or greater are presented in Table 2 . As indicated by the results from the multitrait scaling analysis, it was not possible to distinguish between the concepts of Disinhibition and Hunger. The ®rst factor contained 10 Hunger and eight Disinhibition items with moderate loadings (range 0.41 ± 0.61). Item no. 34`I am always hungry enough to eat at any time' had the strongest loading in both samples. The factor comprised a wide range of items related to extreme appetite and loss of control over eating. Thus, the ®rst factor was thought to re¯ect overall dif®cul-ties in the regulation of eating and was entitled Uncontrolled Eating. The second factor comprised about two-thirds of items that represent Cognitive Restraint. Item no. 33`I do not eat some foods because they make me fat' had the highest loading in the ®rst sample and item no. 28`I consciously hold back at meals in order not to gain weight' had the strongest loading in the second sample. The third factor contained three items related to overeating during dysphoric mood states, that is, when feeling lonely, blue or anxious. This factor was accordingly entitled Emotional Eating.
The three-factor solution accounted for less then one-third of the total variance (28% and 29%, respectively, in the two samples); however, the amount of explained common variance was high (87% and 88%, respectively, in the two samples) and it was not meaningful to extract additional factors. With four factors the Uncontrolled Eating and Emotional Eating factors remained stable, while the Cognitive Restraint factor was split into two strongly correlated factors. Thus, the three-factor solution was considered to best ®t the data. Subgroup analyses were conducted in each of the two study samples and the three-factor structure was successfully replicated (data not shown) in men and women separately, in three age groups (37 ± 43, 44 ± 50 and 51 ± 60 y), and in three BMI classes (30 ± 34.9, 35 ± 39.9, and 40 kgam 2 ).
Unidimensionality of scales
In order to test the unidimensionality of the TFEQ constructs, item responses were factor analyzed separately for each scale in each of the two samples (data Items in each scale that meet criteria for both item-scale convergent (Criterion 1) and discriminant (Criterion 2) validity.
Factor structure of the TFEQ in obese subjects J Karlsson et al not shown). First, analysis of the 14 Hunger items disclosed 10 items with factor correlations of 0.40 or greater (the same items in both samples). Only one factor was indicated. Second, analysis of the 16 Disinhibition items revealed that the three items related to emotional eating had the highest loadings in both samples (range 0.62 ± 0.68). Another eight items had substantial loadings (range 0.40 ± 0.55), while ®ve items failed to load on the factor. The scree test, however, clearly indicated that an additional factor could be extracted. With two factors, the three emotional eating items emerged separately on the ®rst factor with high loadings ( ! 0.70) and ®ve items related to uncontrolled eating emerged on the second factor with moderate loadings (range 0.44 ± 0.57). Pearson's correlation of factor scores (after oblique rotation) showed a moderate association between the two factors (r 0.51 in both samples). Third, factor analysis of the Cognitive Restraint items showed that two thirds of the 21 items contributed substantially to the factor. The scree test suggested the possibility of an additional factor and a two-factor solution was imposed on the data. Items with high loadings on the ®rst factor were related to behavioral restraint (eg`I consciously hold back at meals in order not to gain weight' and`I deliberately take small helpings as a means of controlling my weight'), while items on the second factor concerned food awareness (eg`How likely are you to shop for low calorie food' and`How conscious are you of what you are eating'). However, several items loaded on both factors and the factor scores (after oblique rotation) were strongly correlated (r 0.67 and 0.73, respectively, in the two samples), indicating substantial overlap of context.
Multitraitamulti-item analysis of revised scales
In the next step, multitraitamulti-item analysis was performed on the revised scales of Cognitive Restraint, Uncontrolled Eating, and Emotional Eating. A step-by-step analysis was conducted in the two samples and in subsamples by sex, age and BMI. The aim was to identify unstable items and to establish a short-form instrument that ful®lled standards for item-scale convergent and discriminative validity in all test samples. The ®nal results of this iterative procedure are presented in Table 3 . A total of 18 items, of which six were assigned to Cognitive Restraint, nine to Uncontrolled Eating, and three to Emotional Eating, were included in the accepted version. Internal-consistency reliability estimates (Cronbach's alpha) were above the 0.70 standard and tests of the internal structure of the instrument were satisfactory (Table 3) . Item content of the revised scales is shown in the Appendix.
Intercorrelations of original scales, derived factors and revised scales
The strength of associations between the original TFEQ scale scores, derived factor scores and revised scale scores, was tested in the total sample by correlation analysis (Table 4) . Strong associations were obtained between the revised scales and their corresponding factors; that is, the nine-item Uncontrolled c All items loaded on one factor only, except for DI27 which loaded (0.45) also on the ®rst factor in sample 1.
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Eating scale vs Factor 1 (r 0.95), the six-item version of Cognitive Restraint vs Factor 2 (r 0.92), and the three-item Emotional Eating scale vs Factor 3 (r 0.95). Factor 1 and Factor 2 were inversely associated (r À0.38), which means that higher dietary restraint scores were connected with less tendencies to exhibit uncontrolled eating. A positive, moderate association was observed between Factor 1 and Factor 3 (r 0.46), while Factor 2 and Factor 3 were unrelated (r 0.05). Also notable, the nine-item Uncontrolled Eating scale was highly correlated with both Disinhibition (r 0.77) and Hunger (r 0.89).
Criterion validity tests of the Emotional Eating scale
Inspection of the score distribution of the Emotional Eating scale showed that one-fourth of the 4377 obese subjects reported no occurrence of emotional eating, while one-half reached the highest possible score (Table 5 ). Emotional Eating was signi®cantly more pronounced among women (P`0.0001, r 0.22). After adjusting for gender no signi®cant correlation was found between Emotional Eating and BMI. Emotional Eating was, however, associated with poor mood (Overall MACL, P`0.0001, r À0.35) and anxiety and depression symptoms (HAD, P`0.0001, r 0.35 and 0.29, respectively). In Table 5 , mean (95% CI) scores on Pleasantness, Activation and Calmness are given for each level of the Emotional Eating scale. Mood scores matching the general population were seen only in the group with no reported incidence of emotional eating, while poor mood ratings were observed in all three categories reporting emotional eating. Mood scores were found Items in each scale that meet criteria for both convergent (criterion 1) and discriminant (criterion 2) validity. Correlations between revised scales and derived factors are bold.
Factor structure of the TFEQ in obese subjects J Karlsson et al to decrease with increasing scores on the Emotional Eating scale. Strikingly low mood was noted in the large group with the highest possible Emotional Eating score. A similar monotone increase of anxiety and depression symptoms was observed (HAD; data not shown).
Discussion
The construct validity of the TFEQ was evaluated in large numbers of middle-aged, obese men and women. The factor structure was only partly replicated. Evidence of construct validity was obtained for Cognitive Restraint, while a majority of items assigned to Hunger and Disinhibition formed one global factor entitled Uncontrolled Eating. A third cluster containing items on Emotional Eating was also identi®ed. The obtained three-factor structure was cross-validated and replicated across subgroups by gender, age and BMI. The factors derived were identical to those obtained by Hyland et al 13 in a student sample, suggesting that the factor structure is valid not only in the obese, but also in normal weight subjects.
The factor of Cognitive Restraint was consistently reproduced across the different subsamples and results obtained by multitraitamulti-item analysis demonstrated strong item-scale discriminant validity. These ®ndings add to earlier evidence of the construct validity of the dietary restraint subscale of the TFEQ. 7, 12, 13 The item-scale internal consistency, however, was unsatisfactorily weak. A basic assumption underlying the Likert scoring method is that all items in a composite scale should be substantially associated to the total score and items should contribute roughly equally. 28 Only 12 of 21 items passed the norm for convergent validity, suggesting that effectiveness and measurement precision could be further enhanced. A short-form restraint scale with acceptable psychometric properties was constructed from the most ef®cient items. A very strong association (r 0.92) was noted between the factor of Cognitive Restraint and the shortened six-item scale, indicating that little unique information is lost by removing items with low item-scale correlations. However, the performance of the short-form needs further evaluation in clinical and epidemiological research.
The unidimensionality of the Cognitive Restraint scale has been questioned because the factor tends to split up in two or several components when its items are analyzed separately. 10, 29 Analysis in the present study also indicated more than one measurement dimension, Behavioral Restraint and Food Awareness. These factors were, however, strongly correlated and items could not be included in separate scale constructs according to multitraitamulti-item analysis criteria. It should be noted though that the dichotomized item responses of the TFEQ restrict the variance and thus obstruct identi®cation of unique dimensions of measurement. It is quite conceivable that weight control strategies are heterogeneous, but not distinguishable with the current assessment method. Further scale development may be needed to re®ne and expand distinct factors. Such an achievement would enhance the measure as a prognostic and monitoring tool during weight loss treatment and thus be of clinical importance.
It was not possible to reproduce the original factors of Disinhibition and Hunger. Scaling analysis demonstrated a general lack of discriminative capacity among items assigned to the two scales, indicating that the measures are addressing the same underlying construct or are partly contaminating the concept. In support of this, factor analysis disclosed that the majority of the Disinhibition and Hunger items grouped in one solid factor. This factor contained a mixture of items on uncontrolled eating behavior, connected with extreme appetite as well as external eating cues. Items on excessive appetite were, however, the dominating elements of the factor, indicating that hunger cravings are perceived by the obese themselves as a major cause of their dif®culties in eating regulation. A logical step according to psychometric criteria was to use items from both measures Higher scores on Emotional Eating (scale range 0 ± 3) indicate more emotionally induced eating. F analysis of variance (P`0.0001). Comparisons of mean values between groups (Tukey's HSD range test); * P`0.01, **P`0.001, ***P`0.0001.
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Step-by-step testing in the two samples and in different subgroups proved that a nine-item scale that combines the most powerful items from the two constructs, six Hunger and three Disinhibition items, was an optimal choice. However, the potential advantages or drawbacks of such a combined measure needs further careful evaluation. The failure to replicate the Hunger and Disinhibition factors is reminiscent of pitfalls in previous work related to the internal ± external model of obesity. Based on experimental research, this model suggests that obese individuals compared to normal weight individuals, are over-sensitive to environmental eating temptations, and thus, less controlled by internal, physiological signals, such as hunger cravings or satiety. 30 Testing of this hypothesis has yielded inconsistent results and the existence of an eating type speci®c to obese people has been generally questioned. 31 However, research in this area has faced a number of methodological obstacles. One main problem has been to distinguish between internal and external cues and to give a precise de®nition of each category. Externality theory implies that items representing internal and external eating stimuli should separate in different factors. The Hunger items of the TFEQ mainly concern intensity and extent of perceived hunger, whereas several of the Disinhibition items concern overeating triggered by external cues. Psychometric testing in the present study demonstrated that the hunger items were positively related to items representing external eating, and thus the internal ± external partition was not supported.
Interestingly, the Hunger factor was fairly wellreproduced in the study by Ganley, 12 who analyzed responses to an earlier version of the TFEQ that included additional items on weight¯uctuation, adapted from the Restraint Scale. These items clustered originally on the Disinhibition factor, but were excluded since they were thought to confound the measurement of obese persons. 7 As the study by Ganley mainly involved women of normal weight, the discrepancy between the factor structures obtained in that study and the present study may be related to sample differences. However, there are reasons to believe that the different set of items used in the two studies is a more determining factor. It is possible that Hunger emerges as a homogeneous factor when items on weight¯uctuation are added in the analysis. In Ganley's study, the Disinhibition scale was split into two distinct factors, Emotional Eating and Weight Lability. The latter cluster also included several items related to eating regulation disturbances, although these factor correlations were quite low. This ®nding suggests a link between past dieting, weight cycling and periodic loss of control over eating. The connection has also been established in obese samples. Disinhibition, but not Hunger, was associated with severity of weight cycling in obese women seeking weight-reduction treatment. 32 In another study, both obese and normal weight adults classi®ed as weight uctuators reported more dif®culties in controlling overeating than did non¯uctuators. 33 As proposed by Ganley, 12 different subgroups may be distinguished by the Weight Lability factor. This is in line with the conceptual model by Lowe which suggests that restrained eaters' vulnerability to overeating is explained by their history of chronic dieting rather than by their current state of dieting. 3 Frequency of past dieting and subsequent weight cycling are components of the restraint model that are overlooked in the current version of the TFEQ and the utility of adding a separate measure of weight¯uctuation should be evaluated.
The internal structure of the Disinhibition scale was consistently weak and only ®ve items passed scaling analysis criteria. Three of these concerned emotional eating and one binge eating. Clearly, items on emotional eating were the backbone of the Disinhibition scale. Factor analysis, however, disclosed that these items grouped as a unique factor. The construct of Disinhibition was precarious even in the basic constructional work of the TFEQ and further appraisal was suggested. 7 As demonstrated in the present and previous validation studies, the construct is psychometrically unstable, and its two-factor structure is a matter of signi®cance for the interpretation of scale scores. Although the inclusion of items on emotional eating is consistent with restraint theory, psychometric testing indicates that a distinction should be made between these and other items relating to loss of control over eating. Obviously, the content of a composite scale must be homogeneous for its scores to be interpretable. Otherwise, differences in scale scores can be attributed to various reasons and one cannot actually determine which items are responsible in each case. 28 Confusion related to divergent results of the Restraint Scale, 6 which according to psychometric testing consists of more than one unique dimension, can essentially be attributed to this type of inaccuracy in scale construction. 4 Without careful isolation of unique components, it is quite dif®cult to accurately explore and interpret the dynamic interplay of factors involved in eating behavior. Doubts about the validity of the Disinhibition scale also concern conceptual aspects. By de®nition, disinhibition of eating control requires a prior state of restriction, but it is unclear if the scale actually re¯ects loss of control resulting from dietary restraint. As demonstrated, loss of control over eating was strongly and positively correlated with perceived hunger, while restraint was negatively associated with both.
A high correlation (r 0.69) between Hunger and Disinhibition was observed in the present study and similar correlations have been noticed in other obese populations. 34 More modest associations, however, as observed in the basic validation studies by Stunkard and Messsick, 7 have been reported by others. 35 The reasons for this difference across obese populations are not well understood. There are, however, several 39 in a sample of severely obese subjects. Disinhibition, Hunger and the Bulimia scale of the EDI emerged with high loadings on the ®rst factor, suggesting that each of these measures re¯ect behaviors involved in compulsive overeating. Correspondingly, higher scores on both Disinhibition and Hunger have frequently been observed in obese binge eaters compared to obese nonbingers. 35,40 ± 42 The connection of Disinhibition and Hunger scores with measures of eating disorders thus provides evidence of the criterion validity of the constructs. On the other hand, the kinship with binge eating indicates that both scales are addressing different aspects of the same underlying phenomenon, that is, eating regulation disturbances prevalent among obese subjects. It should be noted that one item of the Disinhibition scale indicating binge eating,`Sometimes when I start eating, I just can't seem to stop', was among the highest loading items of the Uncontrolled Eating factor.
The Emotional Eating factor was consistently reproduced in different subgroups. This factor was also derived in the studies by Ganley 12 and Hyland et al 13 and there are strong psychometric reasons to argue that this factor should be considered a freestanding measure. A composite scale was constructed of the three items that loaded on the factor and scaling analysis demonstrated strong item-scale convergent and discriminant validity. However, further scale expansion may be required to avoid¯oor and ceiling effects, that is, a high proportion scoring at the lowest and highest possible scale levels. The concept of emotional eating originally derives from the psychosomatic theory of obesity, which proposes that obese persons exhibit more emotionally induced eating than the nonobese, and that coping with dysphoric mood plays a role in the etiology of obesity. 43 Although most cognitive ± behavioral, weight-reduction treatment programs take into consideration the issue of emotional eating, the concept has been assigned a marginal role in contemporary research, and its role in obesity is still a matter of dispute. In a comprehensive review of the obesity literature, Ganley 44 concludes that episodic overeating in response to negative affect or stressful life events appears to be highly prevalent in obese subjects seeking treatment, particularly in the massively obese. Others have argued that most research in this area suffers from methodological shortcomings and that no con®dent conclusion can be drawn from the data. 45 In this study, one half of the 4377 obese subjects, 38% men and 59% women, scored at the top of the Emotional Eating scale, suggesting a heavy impact of negative affect on eating behavior among the severely obese. Furthermore, it was demonstrated that high scores on Emotional Eating were connected with poor mood (MACL) and anxiety and depression symptoms (HAD).
The causal relationship between negative affect and failures in the attempts to reduce weight is well documented. 46 A controversial issue, however, is whether eating in response to emotional distress occurs mainly as a consequence of dietary restraint, as proposed by restraint theory, or if other causal factors such as personality traits or psychopathology are involved, as put forward by psychosomatic theory. Items on emotional eating included in the TFEQ are of a general character, eg`When I feel lonely, I comfort myself by eating', and the connection of such eating to dieting habits is unclear. It should be noted that the factors of Cognitive Restraint and Emotional Eating were principally unrelated (r 0.05). The lack of correlation between Cognitive Restraint and measures of emotional eating has also been demonstrated by others, 47 suggesting that emotionally induced eating may occur independent of the level of restraint.
Conclusion
Construct validation is by nature an iterative process, which continues as long as new information is achieved about the interpretation of a measure. The TFEQ represents a signi®cant advance in the measurement of eating behavior and the instrument has greatly improved our understanding of eating patterns in obese subjects, especially mechanisms involved during the treatment of obesity. However, psychometric testing in this and earlier studies indicates that a revision of the instrument could further enhance its usefulness. Instrument performance is likely to be improved by replacing the yes ± no response categories with multiple response scales. 48 The amount of total variance explained by the three factors in the present study was unsatisfactorily low and it would be of interest to re-analyze the factor structure using a four-or ®ve-point response format. Psychometric ®ndings also indicate that more precise measurement units can be constructed. A short, revised 18-item questionnaire was developed by using a step-by-step procedure to boost both the internal consistency and discriminant capacity of scales. The instrument comprises three scales, Cognitive Restraint, Uncontrolled Eating and Emotional Eating, representing the derived factor structure. The short-form is offered as a psychometrically valid instrument, especially suitable in Factor structure of the TFEQ in obese subjects J Karlsson et al large-scale studies where space, patient burden and costs of administration must be considered.
